As an alternative binding material with prosperous application potential, alkali-activated slag (AAS) has attracted more and more attention. Similar with ordinary portland cement concrete, transport properties are commonly evaluated for alkali-activated slag concrete (AASC), but little for damaged concrete under mechanical load. In this paper, the effects of activator types and fly ash (FA) substitution of slag on mass transport process were evaluated. Furthermore, the effect of uniaxial compressive load on mass transport properties of AASC involving chloride diffusivity and capillary absorption were also investigated experimentally. A certain compressive stress level from 0.35 to 0.8 were applied on the concrete specimens respectively, and then the coefficient of chloride diffusion and water capillary absorption were evaluated after unloading. The results show that, compared with NaOH-specimens, specimens by waterglass without loading shows a higher rate in transport due to the more initial cracks by serious shrinkage; under the stress level of 0.35, initial microcracks tend to close while new cracks are generated at the same time, which leads to an indistinct transport behavior; the composite activated by waterglass is more sensitive to Na 2 O concentration than that by NaOH, which influences creep and durability greatly. Furthermore, the Poisson's ratio during the loading process was recorded and discussed, which confirms that the stress level of 0.8 for AAS does not attain to critical stress.
INTRODUCTION
For reinforced concrete structures in marine environments, it is a vital task to ensure the sufficient under various degradation factors such as load, chloride penetration and dry-wet cycle. As an alternative binding material with prosperous application potential, it would make sense to detect the rules and mechanisms of mass transport of alkali-activated slag concrete (AASC) in actual service environment, especially under the mechanical loads.
In previous researches for ordinary Portland concrete (OPC), cracks caused by load and its impact on transport properties have been one of focuses of durability field in recent decades (Samaha et al., 1992) (Saito et al., 1995) (Ludirdja et al., 1989) (Wan et al., 2011) . When microcracks can be neglected under low load, transport property is just related to the performance of concrete itself, including porosity and pore tortuosity, etc. With the increase of load, there will be more microcracks generated and connected. Samaha and Hover (Samaha, et al., 1992) reported that microcracks induced by compressive load below the stress level of 0.75 can be ignored and have no effect on transport property. In fact, the specific relationship between stress level, damage and transport property always varies with the performance of different concrete types, rather than a fixed correlation. Normally, it is believed that the transport properties will be enhanced significantly when the loads exceed a critical stress level. Pu (2010) believed that AASC has an outstanding anti-crack performance and its critical stress level can reach 0.9, while the critical stress level of OPC normally falls in the range from 0.5 to 0.8. Sofi et al. (2007) also reported that AASC has a longer elastic stage than OPC.
It is generally believed that AASC is better than OPC in resisting mass transport, which relates with the dense microstructure essentially. And the influence of Na 2 O concentration (Ravikumar, et al., 2012 ) (Fernández-Jiménez, et al., 1999 and alkali activator types influenced the pore structure of AASC greatly.
In this work, the uniaxial compressive load with stress level between 0.35 to 0.8 was applied on AASC specimens respectively, and damage variables involving dynamic elastic modulus and Poisson's ratio were characterized. After the loads were removed, the chloride diffusivity and water capillary absorption of AASC with mechanical damage were evaluated, and the effects on the mass transport of activator concentration (7% and 9% Na 2 O concentration) and activator types (NaOH and waterglass) were also investgated.
EXPERIMENTAL

Specimen preparation
Four concrete mixes in this paper are prepared with solution/binder ratio of 0.46. The SiO 2 /Na 2 O molar ratio of waterglass is 1.8 (see Table 1 ). Chemical composition of slag is shown in Table 2 . Concrete prism of 100mm × 100mm × 300mm were cast in moulds and compacted using a mechanical vibrator. After 24 hours, the specimens were removed from moulds and then stored in a curing room maintained at 20℃ and about 95% relative humidity (RH) for 28 days.
Mechanical properties
At the age of 28 days, the compressive strengths of prisms were tested firstly and the results are shown in Table 1 . The compressive strength for AASC of 28 days It is obvious that the compressive strength of specimens activated by waterglass is higher than that by NaOH, and the strength increases with the Na 2 O concentration (Ravikumar, et al., 2012 )(Al-Otaibi, 2008 .
Then the prisms were applied compression uniaxially to a preselected stress levels (0, 35%, 50%, 65% and 80%) of the ultimate strength and lasted for 15 minutes. The loads were removed at the same rate with that of loading process. During all the stages, the strains were measured by four strain gauges which were glued on the lateral surfaces and at the mid-height of each specimen, one in axial and one in transverse direction on each surface. Based on the strain measured, Poisson's ratio, μ, were calculated. And the dynamic elastic modulus, E, were test before and after loading test. 
Mass transport properties
After the loads were removed, these prisms were cut off to obtain samples ready for chloride diffusion and water absorption as shown in FIG. 1.
Sample A (for chloride diffusion) was presaturated and then immersed in a sodium chloride solution with mass concentrate of 5%. The surfaces where the strain had been measured were the exposed surface to chloride while the other surfaces were sealed with epoxy resin. After 30 or 60 days, samples were taken out and milled by layers of 1 or 2 mm from the exposed surface for obtaining powder. The chloride content of the powder was determined by the silver nitrate titration method; Sample B (for water capillary absorption) were oven-dried at 60℃ until to constant weight, then were sealed with epoxy resin and connected with distilled water. The samples were weighted at the interval time of 40 min, 1 h, 2 h, 4 h, 8 h, 12 h, 24 h... until constant weight. 
RESULTS AND DISCUSSIONS
Poisson's ratio
The evolvement of Poisson's ratio, μ, is shown in FIG. 2. The initial μ is constant which varies in 0.21~0.23 range in the elastic stage below the stress level of 0.35. With the stress increase further, μ begins to grow slowly in the range of 0.3f c~0 .6f c , and increases exponentially once 0.8f c is exceeded, at which microcracks are propagated significantly. It can be observed that less damage is generated for mixes of EN-9 and EW-9 with relatively higher Na 2 O concentration.
A new index, R μ-unload , defined as the growth rate of Poisson's ratio after unloading, is calculated according to Eq. 1,
(1) where μ r is the stable Poisson's ratio after unloading, and μ 0 is the initial Poisson's ratio in the elastic period. FIG . 3 shows the relationship between R μ-unload and stress level. It is obviously that R μ-unload increases exponentially with the stress level overall. The R μ-unload at the stress level of 0.35 still remains 0, which means the strain under 0.35f c can be almost completely restored when load is removed. With further increase of stress level, R μ-unload begins to increase and reaches the highest point at the 0.8f c . From comparing these 4 mixes, it is obtained that EN-7 and EW-7 (activated by NaOH) are higher than EN-9 and EW-9 (activated by waterglass).
Loss rate of dynamic elastic modulus
Loss rate of dynamic elastic modulus, d, is another index proposed to characterize the damage degree, which is calculated by Eq. 2,
(2) where E 0 is the dynamic elastic modulus before applying load, E r is the dynamic elastic modulus after loading test.
The variation of d (loss rate of E) under different stress levels is shown in FIG. 4 . It can be found that the decrease of Na 2 O concentration has a great negative effect on anti-cracking performance under high stress, whether the activator is NaOH or waterglass. This is because the initial pH value of alkaline solution, determined by Na 2 O concentration, influence the formation of hydration products of AASC greatly. 
Stress level
Alkaline solution with high pH can raise the rate of slag depolymerization and increase the quantity of dissolved Al, Ca, Si (Fernandez-Jimenez, et al., 2003) , resulting in the difference in microstructure and ultimately mechanical property. In addition, when Na 2 O concentration decrease from 9% to 7%, the increase of R μ-unload and d for concrete activated by waterglass is higher than that for NaOH obviously. Compared to waterglass, NaOH solution with more OH -and higher pH value accelerates the process of depolymerization and polymerization, with the premise of same Na 2 O concentration. Haha (Haha et al., 2011) , obtaining the same results, reported that high initial rate of reaction for NaOH-activated material does not allow time for diffuse product and then the diffusion of new hydrates is limited, leading to empty coarse pores formed. As for waterglass-activated material, the lower rate of reaction may be one of the reasons of low porosity. In this context, the negative impact of decrease of Na 2 O concentration is less serious for NaOH-activated material.
As shown in FIG. 4, d is not 0 at 0.35f c , which means that the stress level of 0.35 still damage the specimens. It illustrates that E is more sensitive to characterize the damage than μ under low load. In addition, there is a linear correlation between d and R μ-unload as shown in FIG. 5, except the points related to 0.35f c . Generally, both the two methods, loss rate of E and growth rate of μ, can be used to estimate the damage degree of concrete under mechanical load. 
Effect of stress levels on chloride diffusivity
Based on the chloride content measured in AASC after pond test, the chloride profile can be plot and fit by It can be found that the relationship between chloride diffusion coefficient and stress level are quite different with the type of activator. For NaOH-activated slag concrete, chloride diffusion coefficients increase with stress level even until to 0.8, while for waterglass activated slag concrete, chloride diffusion coefficients decline first and then rise until to a much higher level. The decline of D in the right figure is a result of compaction by compressive load, and then the chloride diffusion coefficients increase due to the cracks new generated under a higher stress level.
The explanations can be derived that, waterglass-activated slag composite normally serious shrinkage in early stage of hydration, while smaller shrinkage happens to NaOH material (Atis, et al., 2009 ). The closure of flow channel at low stress slows the rate of chloride diffusion for concrete activated by waterglass.
Compared with NaOH-activated concrete, the chloride diffusivity of sample activated by waterglass without load is lower, which refers to the slower depolymerization and polymerization process of slag, though whose strength and pore size distribution are better (Shi, 1996) . And slag activated by waterglass exhibits more serious shrinkage and generates more initial cracks to provide flow channel for chloride penetration. 
Effect of stress levels on water capillary absorption
The measured amount of water capillary absorption with time are shown in FIG. 8, which provides a reasonable indication of the pore structure and damage degree caused by mechanical load.
In the early stage, water penetrates the concrete rapidly, and gradually the penetrate rate slows down, which implies pore space tends to saturation. The effects of stress level on capillary absorption are significant, the rate and the amount of water absorption for sample without load are all the lowest and they increase with the stress level. Capillary absorption coefficient, e.g. the slope of capillary absorption curve (Fagerlund, 1982) , is used to quantify the water absorption, and the results varying with stress level are presented in FIG. 9 . As for mixes with 7% Na 2 O concentration (EN-7 and EW-7), the water absorption coefficient is higher and increases faster than that with 9% Na 2 O concentration (EN-9 and EW-9). For these 4 mixes shown in FIG.  9 , the rising trend of EW-7 is the most noticeable.
Na 2 O concentration also governs capillary absorption for concrete without loading. Capillary absorption coefficient of AASC without load with Na 2 O concentration of 7% are higher than that of 9% ( see FIG. 9 ). Higher alkali concentration can raise the rate and degree of hydration, so that more pore space is filled and porosity is decline, contributing to the reduction of capillary absorption. In addition, it is found that the capillary absorption coefficient for NaOH specimen is lower than that for waterglass, which can be explained that more initial micro-cracks exist in composite activated by waterglass due to serious shrinkage. 
Relationship between chloride diffusivity and water capillary absorption
The relationship between chloride diffusivity and capillary absorption are plot in  FIG. 10. According to FIG. 10 , some circled points presented in the second figure are out of the trend, because of the decline of chloride diffusivity, which is due to cracks closure at low compressive load, while it does not happen to capillary absorption test. Accepted widely, the penetration rate of water is faster than chloride and has a more flexible requirement for pore diameter. The chloride cannot pass through the cracks after closure, which may allow water to be passed. So it is speculated, at this moment, that the porosity may be decrease by cracks closure but the amount of capillary pore must increase due to diffuse damage.
The trend of each curve shows exponential development regardless of compacted points, which means capillary absorption is more sensitive to the diffuse damage, while chloride diffusivity is much less affected by cracks (Samaha, et al., 1992) (Saito, et al., 1995) (Lim, et al., 2000) . 
CONCLUSIONS
Poisson's ratio μ of AASC for the 4 mixes in this paper is in the range from 0.21 to 0.23. In the process of loading, the damage develops slightly with stress level beyond 0.35, and the critical stress is exceeded at around 0.8f c .
The loss rate of elastic modulus is more suitable to be used to characterize the damage compared to the relative growth rate of μ under low load, at which a few new cracks generated is not recorded by residual strain due to their closure. And the concentration of Na 2 O can improve the resistance against transport property of AASC under load.
The chloride diffusivity and capillary absorption for no-loaded samples activated by NaOH are lower than that activated by waterglass due to more initial cracks by serious shrinkage in the latter. Transport property increase with stress level generally. However, chloride diffusivity decreases as a result of compaction at low stress level, while it does not happen to water capillary absorption since it is more sensitive to cracks than chloride diffusivity.
